In an effort to determine which blood elements play a critical role in the development of cerebral vasospasm, adult cats were subjected to prepontine injection of either autogenous whole blood or erythrocyte-free blood containing latex beads as a substitute morphologic marker. Seven or 10 days later the cats were anesthetized and perfused with fixative, and the basilar arteries were prepared for light and electron microscopy. T he mechanisms underlying cerebral vasospasm (CVS) remain obscure. Although a few investigators have argued that CVS is induced by mechanical trauma, 1 " 3 the weight of evidence indicates that the process is initiated by chemical factors that lead to contraction of smooth muscle cells and/or to pathologic thickening of the arterial wall. 4 In an effort to reduce the list of potential causative agents, the present study sought to determine whether a particular cellular element in blood plays a critical role in inducing the morphologic changes that develop throughout the walls of affected arteries.
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In an effort to determine which blood elements play a critical role in the development of cerebral vasospasm, adult cats were subjected to prepontine injection of either autogenous whole blood or erythrocyte-free blood containing latex beads as a substitute morphologic marker. Seven or 10 days later the cats were anesthetized and perfused with fixative, and the basilar arteries were prepared for light and electron microscopy. Successful clot deposition was confirmed by the presence of numerous erythrocytes or latex beads within the adventitia of vessels. In agreement with previous studies, instillation of whole blood produced luminal narrowing associated with profound ultrastructural changes in all layers of the vascular wall. No significant alterations, however, occurred in arteries bathed in erythrocyte-free blood. 4 In an effort to reduce the list of potential causative agents, the present study sought to determine whether a particular cellular element in blood plays a critical role in inducing the morphologic changes that develop throughout the walls of affected arteries.
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Materials and Methods
Preparation of Erythrocyte-Free Blood
Twenty milliliters of venous blood aseptically drawn from adult cats tranquilized with an intramuscular injection of 7 mg/kg ketamine was immediately placed in two tubes, each containing 1 ml 3.8% sodium citrate solution, i.e., a final citrate concentration of approximately 15 mM. The blood was centrifuged at l,200g for 12 minutes. The plasma and buffy coat were collected by pipette. After this suspension had been gently shaken, white blood cells and platelets were counted and found to be in the normal ranges of 9-23 X lty/mm 3 and 320-720 X lWmm', respectively. To provide a subsequent electron microscopic marker of satisfactory clot deposition, polystyrene latex beads (Dow Diagnostics, Indianapolis, Indiana)
1.09 /xm in diameter were sterilized in an autoclave under 1.0 ml water for 20 minutes at 272° F. The beads were then added to 12 ml erythrocyte-free blood to make a final concentration of approximately 7.0 x 10 6 beads/mm 3 . Because of their relatively small size, this concentration was equivalent to a "hematocrit" of latex beads of approximately 0.5%. Immediately before prepontine injection (see below), 0.75 ml 0.12 M calcium chloride was added to 12 ml plasma mixture, an amount that had been determined to initiate clot formation in 2-3 minutes. Sterile techniques were employed throughout the preparation procedure.
Experimental Subarachnoid Hemorrhage
The transclival procedure and general methods for deposition of clot in the prepontine cistern have been previously described. 6 In the present study 6-8 ml autogenous whole blood (3 cats), serum (3 cats), or erythrocyte-free blood (7 cats) were slowly injected through a 25-gauge needle that had been inserted through the dura so that its tip lay adjacent to the basilar artery. Two other sets of control experiments were carried out. First, to determine whether latex beads provided a protective effect, autogenous whole blood to which beads had been added in the same concentration as above was injected into the cistern of two cats. Second, to assess the possibility of a similar effect from the citration-recalcification procedure, whole blood to which citrate solution had first been added followed by calcium solution 30 minutes later was injected into the cistern of three cats. During injection of whole blood, the development of a dark reddish mass could be observed beneath the dura, whereas successful deposition of erythrocyte-free clot was manifested by the persistence of a whitish aggregate.
Electron Microscopy
Since there is general agreement that major morphologic changes are attained by 7 days after experimental subarachnoid hemorrhage (SAH), 6 " 8 basilar arteries of 15 cats were removed 1 week after prepontine injection. To ascertain whether vasculopathy was merely delayed, arteries from two cats were removed 10 days after injection of erythrocyte-free blood. Methods used for tissue fixation and for electron microscopy preparation have been previously described. 6 To quantify changes in morphologic characteristics, axons and smooth muscle cells were examined in the following way: electron micrographs were taken of smooth muscle cells or axons adjacent to one side of a grid bar. Similar micrographs were taken adjacent to the next four grid bars, always moving in a clockwise direction around the vessel. For each micrograph, the first 10 muscle cells or axons immediately adjacent to the grid bar were examined for the presence of degenerating axons or smooth muscle cells with vacuoles. Thus, for each arterial specimen, 50 axons and 50 smooth muscle cells were examined. Statistical comparisons were made using one-way analysis of variance following arcsin transformation of the data.
Results
Clots were present in the prepontine cistern of cats injected with either whole blood or erythrocyte-free blood; this material had the typical blackish appearance in the former group but was cream-colored in the latter. No clots were found in the prepontine cistem of cats that had been injected with serum.
Microscopic examination of arteries removed from cats injected with whole blood revealed numerous erythrocytes embedded in the adventitia, both in clusters and diffusely scattered. The walls of these vessels were thickened, the endothelial and elastic lamina were corrugated, and the lumen was markedly reduced in size (Figure 1 ). Ultrastructural examination revealed widespread injury of smooth muscle cells and disintegration of nearly all elements in the adventitial layer (Figure 2 ), including degeneration of axons and varicosities ( Figure 3) . The same degree of alterations was found in vessels removed from cats that had been injected with citrated-recalcified blood or with whole blood to which latex beads had been added. The nature a/id time course of the neural alterations have been more fully described in a previous report. 6 Arteries removed from cats that had been injected 7-10 days previous with serum or erythrocyte-free blood showed, in contrast, virtually no damage to neural structures, tunica media, or endothelium (Table 1) . Microscopic signs of constriction, such as corrugation of the endothelial layer or scalloping of smooth muscle cell membranes, were also absent. The latex beads used as a substitute marker for erythrocytes were found in abundance throughout the adventitial space, the vast majority having been engulfed by fibroblasts. (As evident in Figure 3 , most of the beads had undergone partial dissolution, but this alteration was due to the action of a latex solvent, dibutyl phthalate, in the embedding resin.)
Discussion
In normal circumstances the degree to which subarachnoid injection of blood results in a persistent clot can be confirmed microscopically by the presence of erythrocytes. Because such information is critical in studies of experimental SAH, latex beads were used to serve this function in erythrocyte-free blood. Although polystyrene latex is essentially inert in biologic tissue, phagocytosis of small particles by fibroblasts has been reported. This process apparently occurs only if the particles become coated with fibronectin." Since this protein is present in both serum and cerebrospinal fluid, phagocytosis of the injected beads would be expected. In the present study, there was no suggestion that phagocytosis by fibroblasts disturbed other elements of the arterial wall. 
K T
he principal finding of this investigation is that blood depleted of erythrocytes does not produce those vascular changes regarded as the morphologic hallmarks of CVS. It must be remembered, nonetheless, that the absence of detectable abnormalities constitutes negative evidence and that, in the context of this work, positive evidence would entail demonstration that long-term exposure to erythrocytes alone leads to vasculopathy. Unfortunately, it is extremely difficult to test for such an effect in vivo since, when injected without clotting factors and platelets, erythrocytes disperse throughout the cerebrospinal fluid.
Neither the citration-recalcification procedure nor the latex beads were found to be responsible for the absence of vasculopathy following injection of erythrocyte-free blood. With regard to temporal aspects, one might argue that citration or the beads either accelerated or slowed the rate of vascular changes and that these could have been missed within the time course of examination. However, it would be a unique form of chronic vasculopathy that completely resolved before 7 days, and the lack of even early morphologic changes by 10 days minimizes the likelihood of a degenerative process developing thereafter.
Whether erythrocytes alone are sufficient for development of the vasculopathic correlates of CVS is a question that could depend on definitions. As alluded to above, erythrocytes are presumably not sufficient to the extent that a clot matrix binding them in high concentration is a prerequisite for eliciting changes in ce- rebraJ arteries. But even beyond this need, it is possible that the deleterious effect of erythrocytes may involve synergistic relations with biochemical agents derived from other blood constituents. Although the question of such dependency has not been resolved by the present study, the results provide an important delineation of the roles played by the major blood constituents. First and foremost, erythrocytes appear to be essential for generating the pathologic changes associated with CVS. In contrast, the independent role that has been proposed for other elements, such as fibrinogen degradation products, 12 substances contributes even more to the decrease of the arterial lumen. In particular, Sasaki et al 29 have argued that arterial wall injury and thickening results from the action of free radicals and lipid peroxides created during transformation of oxyhemoglobin to methemoglobin. Moreover, as-yet-unidentified substances derived from the erythrocyte membrane have been shown to produce or enhance cerebral vasoconstriction. 3031 The precise role of these and other erythrocyte-related agents in the development of CVS clearly warrants additional study.
